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(54) Multi-receiver cartridge transport system 

(57) A storage system (10), including a transport as- 
sembly (1 8) for moving a piurality of cartridges (26) be- 
tween a storage rack (12) and a tape drive (14) Includes 
a guide (32), a transport mover (30), a transporter (28) 
and a cartridge mover (34). The guide (32) extends be- 
tween the storage racl< (12) and the tape drive (14). The 
transport mover (30) moves the transporter (26) along 
the guide (32) between the storage rack (12) and to tape 
drive (14). The transporter (28) selectively receives the 



cartridges (26) and includes a first transport receiver 
(36A) and a second transport receiver (36B) that can 
each receive and transport one of the cartridges (26). 
With this design, while one cartridge (26) is being used 
by the tape drive (14) the transport assembly (18) can 
retrieve another cartridge (26) from the storage racl< (12) 
for immediate Insertion into the tape drive (14) upon re- 
winding of the first cartridge (26). As a consequence, 
the transport assembly (18) facilitates an increase in 
throughput of the storage system (10). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to dig- 
ital storage systems. More specifically, the present in- 
vention relates to a transport assembly for transferring 
cartridges between a storage rack of a storage system 
and a tape drive, and a method for transferring cartridg- 
es between a storage rack of a storage system and a 
tape drive. 

BACKGROUND 

[0002] Automated storage systems are used for stor- 
ing and retrieving relatively large amounts of infomiation 
in digital fomri. One type of storage system includes one 
or more individual storage racks that are positioned ad- 
jacent to each other. With this type of system, each stor- 
age rack can include a storage rack housing, a plurality 
of cartridges retained In a plurality of tape receivers with- 
in the storage rack housing, a robotic cartridge handling 
mechanism and one or more tape drives. The robotic 
cartridge handling mechanism individually retrieves one 
of the cartridges from one of the tape receivers and plac- 
es the cartridge within one of the tape drives. 
[0003] Typically, a cartridge is retrieved by a transport 
assembly from a storage rack, and is transported to the 
tape drive. The transport assembly then remains sta- 
tionary while the cartridge is in use. Following usage of 
the cartridge in the tape drive, the cartridge is typically 
fully rewound and is then ejected from the tape drive into 
the transport assembly. The transport assembly then re- 
turns the cartridge to the appropriate location within the 
storage rack, and proceeds to the next tape receiver to 
retrieve another cartridge to transport to the tape drive. 
[0004] Unfortunately, these transport assemblies are 
not completely satisfactory. In particular, the typical cy- 
cle outlined above is a time-consuming process with a 
substantial downtime while the tape drive is reloaded 
with another cartridge. This transport cycle can have a 
duration of up to or in excess of ten seconds. This re- 
peated process adds up to a substantial amount of time 
over the course of dozens or hundreds of such cycles 
that can occur in a single day. Spread over a month or 
a year, this can amount to many hours or even days of 
unproductive waiting time. Thus, excessive delays in 
transporting cartridges result In a significant decrease 
in throughput of the storage system. 
[0005] In light of the above, the need exists to provide 
an improved transport assembly that transfers a car- 
tridge from a storage rack to a tape drive. Another need 
exists to provide a transport assembly that significantly 
reduces the time necessary to reload the tape drive. Still 
another need exists to provide a transport assembly that 
minimizes movement of the transport assembly during 
a transport cycle. Yet another need exists to provide a 
storage system having improved efficiency, which is rel- 
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ativety easy and cost efficient to manufacture and utilize. 
SUMMARY 

5 [0006] The present invention is directed to a storage 
system including a transport assembly for moving a first 
cartridge and a second cartridge between a storage rack 
and a tape drive that satisfies these needs. The trans- 
port assembly can include a guide, a transport mover, 

10 a transporter and a cartridge mover. The guide extends 
substantially between the storage rack and the tape 
drive. The transport mover moves the transporter along 
the guide between the storage rack and the tape drive. 
[0007] The transporter includes a first transport re- 

15 ceiver that receives the first cartridge and a second 
transport receiver that receives the second cartridge. 
With this design, for example, the transporter can re- 
trieve the second cartridge white the first cartridge is be- 
ing used by the tape drive. The second cartridge is now 

20 ready for insertion into the tape drive immediately upon 
rewinding of the first cartridge. This design results in a 
decrease in downtime, and an Increase In throughput of 
the storage system. 

[0008] Further, the cartridge mover includes a first 

25 gripper assembly and a gripper mover that moves the 
first gripper assembly In a first direction and a second 
direction that is substantially perpendicular to the first 
direction. With this design, cartridges can be received 
by either transport receiver during transport between the 

30 tape drive and the storage rack. 

[0009] Additionally, the present invention includes a 
method for transporting a first cartridge and a second 
cartridge between a storage rack and a tape drive. The 
method includes the steps of providing a transporter 

35 having a first transport receiver and a second transport 
receiver, transferring a first cartridge into the first trans- 
port receiver, positioning the second transport receiver 
near the tape drive, transferring a second cartridge from 
the tape drive to the second transport receiver, posltlon- 

40 ing the first transport receiver near the tape drive, and 
transferring the first cartridge from the first transport re- 
ceiver into the tape drive. Preferably, the method also 
Includes positioning the transporter near the storage 
rack, transfen^ing the second cartridge from the second 

45 transport receiver into the storage rack, transferring a 
third tape cartridge into the second transport receiver, 
and positioning the transporter near the tape drive in 
preparation for transferring the first cartridge from the 
tape drive to the first transport receiver. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The novel features of this invention, as well as 
the invention itself, both as to its structure and its oper- 
55 ation, will be best understood from the accompanying 
drawings, taken in conjunction with the accompanying 
description, In which similar reference characters refer 
to similar parts, and in whk:h: 
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Figure 1 is a partialiy cut-away, perspective view of 
a first embodiment of a storage system having fea- 
tures of the present invention; 
Figure 2 is a partially cut-away, perspective view of 
a portion of a second embodiment of a storage sys- 
tem having features of the present Invention; 
Figure 3 is a perspective view of a cartridge having 
features of the present invention; 
Figure 4A is a partially cut-away, perspective view 
of a portion of another storage system including a 
transport assembly having features of the present 
invention; 

Figure 4B Is an enlarged view of a portion of Figure 
4A shown within phantom circle 4B; and 
Figure 5 Is a perspective view of a portion of another 
embodiment of the transport assembly. 

DESCRIPTION 

[0011] Referring initially to Figure 1 , a storage system 
10 having features of the present invention includes one 
or more storage racks 12, one or more tape drives 14, 
a system housing 1 6 and a transport assembly 1 8. Each 
storage rack 12 includes one or more cartridge maga- 
zines 22 typically having a plurality of tape receivers 24, 
each of which receive and retain a cartridge 26. The 
transport assembly 1 8 preferably includes a transporter 
28, a transport mover 30, a guide 32 and a cartridge 
mover 34. Uniquely, the transporter 28 has a plurality of 
transport receivers 36 including a first transport receiver 
36A and a second transport receiver 36B for selective 
and efficient transport of the cartridges 26 between the 
storage racks 12 and the tape drives 14. 
[0012] Specifically, the utilization of the multiple trans- 
port receivers 36A, 36B, results In a significant decrease 
in downtime during the process of transferring cartridg- 
es 26 between the storage rack 12 and the tape drive 
1 4. The design of the transport assembly 1 8 allows var- 
ious functions to be perfonned while one of the cartridg- 
es 26 is "In use' by the tape drive 14, allowing greater 
throughput of the storage system 10. Previously, these 
functions could not be performed until after the "'in 
use" cartridge 26 had been fully rewound, ejected from 
the tape drive 14 into the transport assembly 18. and 
returned to the storage rack 12. 
[0013] The storage system 10 Is capable of being 
mounted into a standard EIA 1 9-inch rack mount cabinet 
(not shown). Alternatively, the storage system 1 0 can be 
mounted or supported In any suitable cabinetry (not 
shown), or can be positioned on another sufficiently 
sturdy surface (not shown). 

[0014] The number and design of the storage racks 
1 2 in the storage system 10 can be varied according to 
the data storage requirements. For example, Figure 2 
illustrates a storage rack 12 having two cartridge mag- 
azines 22. However, the storage system 10 can include 
more than one storage rack 12 (as illustrated In Figure 
1 ), with each storage rack 12 having any number of car- 



tridge magazines 22. 

[0015] As stated above, the number of cartridge mag- 
azines 22 in each storage rack 12 and the configuration 
of the cartridges 26 within each cartridge magazine 22 

5 can be varied to suit the design requirements of the stor- 
age system 10. Each cartridge magazine 22 holds at 
least one cartridge 26, although cartridge magazines 22 
that hold four to fourteen or more individual cartridges 
26 are common. Each cartridge magazine 22 has a 

10 magazine top 38, a spaced-apart magazine bottom 40 
that Is generally parallel to the magazine top 38, and 
one or more magazine sides 42 that extend between the 
magazine top 38 and the magazine bottom 40. 
[0016] The cartridge magazine 22 also preferably in- 

15 dudes a front face 44 and a rear face 46. The front face 
44 is typically perpendicular to at least one of the mag- 
azine sides 42. The front face 44 generally includes a 
front face opening 48 that allows access to the tape re- 
ceivers 24. The rear face 46 is generally parallel to the 

20 front face 44, and normally includes a rear face opening 
50 for viewing the cartridges 26 while in the cartridge 
magazine 22. 

[0017] As previously indicated, each cartridge maga- 
zine 22 typically includes a plurality of tape receivers 24 

25 for housing the cartridges 26 within the storage rack 1 2. 
The design, location and number of tape receivers 24 
can be varied according to the design of the cartridges 
26 and each storage rack 12. In the embodiments illus- 
trated In the Figures, each of the tape receivers 24 de- 

30 fines a rectangular shaped slot that Is sized and shaped 
to retain a single cartridge 26. In the embodiment illus- 
trated In the Figure 1 , for example, twelve tape receivers 
24 are Includedin each cartridge magazine 22. 
[0018] Each cartridge 26 typically includes a storage 

35 medium (not shown) that stores data in a fonm that can 
be subsequently retrieved if necessary. A magnetic stor- 
age tape is commonly used In the cartridges to store 
data In digital form. Referring to Figure 3, each cartridge 
26 Includes a substantially rectangular cartridge hous- 

40 ing 52 that encloses the storage medium. The cartridge 
housing 52 typically includes a cartridge notch 54 that 
facilitates transport of the cartridge 26, as described in 
greater detail below. Figure 4A illustrates that the trans- 
porter 28 can simultaneously receive a first cartridge 

45 26A and a second cartridge 268. It should be noted that 
any of the cartridges 26 can be designated as the first 
cartridge 26A orthe second cartridge 26B. For example, 
a suitable cartridge 26 is sold by Quantum Corporation 
under the trademark DLF*^, although any media car- 

50 trldge 26 can be used. 

[0019] Referring to Figure 4A. each cartridge maga- 
zine 22 can also include a transporter sensor 56. The 
transporter sensor 56 detects appropriate alignment of 
the transporter 28 adjacent to the desired tape receiver 

55 24 during transferring of one of the cartridges 26 be- 
tween the transporter 28 and the cartridge magazine 22. 
With this setup, the transporter sensor 56 is used to stop 
movement of the transporter 28 when the transporter 28 
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is substantially aligned with the desired tape receiver 
24. The design of the transporter sensor 56 can be var- 
ied. For example, the transporter sensor 56 can be an 
electronic optical switch positioned substantially parallel 
to the magazine bottom 40, on the front face 44 of the 
cartridge magazine 22, as shown in Figure 4A. The spe- 
cific design of the transporter sensor 56 can be varied 
by those skilled In the art. 

[0020] The tape drive 1 4 transfers infomnation to and 
from the cartridges 26. The design, location and the 
number of tape drives 14 can be varied to suit the re- 
quirements of the storage system 1 0. The tape drive 14 
typically includes a cartridge receiver SB that receives 
one of the cartridges 26 from the transporter 28, as ex- 
plained below. For the embodiments provided herein, a 
suitable tape drive 14 Is sold under the trademark 
DLT^", by Quantum Corporation. In the embodiment il- 
lustrated in Figures 1 and 2, one tape drive 14 is utilized 
in the storage system 1 0. Alternately for example, the 
storage system 1 0 can include more than one tape drive 
14. 

[0021] Referring back to Figure 1 , the system housing 
16 retains the various components of the storage rack 
12, the tape drive 1 4 and the transport assembly 1 8. The 
design of the system housing 16 can be varied to suit 
the requirements of the storage system 10. The system 
housing 16 illustrated in Figure 1 is substantially rectan- 
gular frame shaped and defines a substantially rectan- 
gular shaped storage system cavity 60. The system 
housing 16 typically Includes (1) a housing base 62, (ii) 
a spaced-apart, housing cover (not shown for clarity) 
that is substantially parallel to the housing base 62, and 
(iii) one or more housing waits 64 that extend between 
the housing base 62 and the housing cover. The system 
housing 1 6 Is typically constructed from a rigid, durable 
material such as metal or plastic. However, any suitable 
material of sufficient durability may be used for the sys- 
tem housing 1 6. 

[0022] As provided above, the transport assembly 1 8 
selectively transfers and positions the cartridges 26 be- 
tween the tape magazines 22 and the tape drives 14. 
More specifically, the transport assembly 18 retrieves 
any one of the cartridges 26 from any of the tape receiv- 
ers 24 and transports the cartridge 26 to any one of the 
tape drives 1 4, or to another tape receiver 24 in the stor- 
age system 10. Once the cartridge 26 within the tape 
drive 1 4 is no longer needed, the transport assembly 1 8 
retrieves the cartridge 26 from the tape drive 14 and 
transports the cartridge 26 to the desired tape receiver 
24. The design of the transport assembly 18 can vary 
depending upon the requirements of the storage rack 
12 and the storage system 10. 
[0023] As previously indicated, referring to Figures 1 
and 4A, the transport assembly 1 8 typically includes the 
transporter 28, the transport mover 30, one or more 
guides 32 and the cartridge mover 34. The transporter 
28 receives the cartridges 26 and Is moved by the trans- 
port mover 30 between the storage rack 1 2 and the tape 



drive 14 along the guides 32. The design of the trans- 
porter 28 can be varied to suit the requirements of the 
transport assembly 18 and the storage system 10. As 
stated above, the transporter 28 preferably includes a 

5 plurality of transport receivers 36 including at least the 
first transport receiver 36A and the second transport re- 
ceiver 36B. The number of transport receivers 36 includ- 
ed in the transporter 28 can vary depending on the re- 
quirements of the storage system 10. For example, the 

10 transporter 28 can include more than two transport re- 
ceivers 36 for transporting additional cartridges 26 be- 
tween the storage rack 12 and the one or more tape 
drives 14. 

[0024] Preferably the transport receivers 36A, 36B, 

15 are positioned side by side within the transporter 28. 
Each transport receiver 36A, 36B, Is typically sized and 
shaped to accommodate one of the cartridges 26. How- 
ever, the size of each transport receiver 36A, 36B, can 
differ from one another depending upon the site of the 

20 cartridges 26, and the requirements of the tape drives 
14 within the storage system 10. Importantly, either 
transport receiver 36 can be the first transport receiver 
36A or the second transport receiver 36B. 
[0025] In the embodiments illustrated In the Figures, 

25 each transport receiver 36A, 36B, is a generally rectan- 
gular shaped opening that Includes a receiver bottom 
66, a receiver top 68. and opposed receiver sides 70 
which define a rectangular shaped receiver slot 72. The 
first transport receiver 36A and the second transport re- 

30 celver 36B can be fonned as a unitary structure within 
the transporter 28, or alternatively, can be separately 
constructed and coupled together to iom a portion of 
the transporter 28. 

[0026] Preferably, the receiver slot 72 is sized and 

35 shaped to receive one of the cartridges 26. Thus, the 
design of the receiver slot 72 can be varied according 
to the design of the desired cartridge 26. Further, the 
receiver slot 72 can be designed to selectively receive 
two or more cartridges 26 simultaneously or alternately 

40 sized and shaped cartridges. 

[0027] Further, each transport receiver 36A, 36B, can 
also indude a cartridge retainer (not shown) for retaining 
the cartridge 26 within the receiver slot 72 during trans- 
port. The cartridge retainer selectively secures the car- 

45 tridge 26 within the receiver slot 72 during transport be- 
tween the storage rack 1 2 and the tape drive 1 4, or from 
one tape receiver 24 to another tape receiver 24. The 
cartridge retainer can be secured to the receiver top 68, 
the receiver bottom 66 or one of the receiver sides 70, 

50 and can exert a force against the cartridge 26 within the 
transport receiver 36 to retain the cartridge 26 within the 
transport receiver 36. 

[0028] Alternatively or additionally, each transport re- 
ceiver 36A, 36B, can include a latch (not shown) for re- 
55 taining the cartridge 26 within the receiver slot 72. The 
design of the latch can vary. As provided herein, the 
latch moves between a locked position In whksh the car- 
tridge retainer retains the cartridge 26 In the receiver 
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slot 72 and an unlocked position in which the cartridge 
26 can be removed from the receiver slot 72. The latch 
can be in the locked position when the transport receiver 
36 is in transit and can be in the unloclced position when 
the receiver slot 72 is devoid of one of the cartridges 26. 
[0029] Referring to Figures 1 and 4A, the transport 
mover 30 can move the transporter 28 along an X-axis, 
a Y-axis, and/or about a Z-axIs (indicated on Figures 
1-3) so that the transporter 28 can be accurately posi- 
tioned relative to the cartridge magazines 22 and the 
tape drive 1 4. Additionally, the transport mover 30 could 
be designed to move the transporter 28 about the X axis, 
about the Y axis, and along the Z axis. The necessity 
for moving the transporter 28 in these directions, and 
thus the design of the transport mover 30, can vary de- 
pending upon the requirements and the configuration of 
the storage system 1 0. As provided herein the transport 
mover 30 can Include (i) a first transporter actuator (not 
shown) for moving the transporter 28 along the X-axis, 
(ii) a second transporter actuator (not shown) for moving 
the transporter 28 along the Y-axis, and (ill) a transporter 
rotator (not shown) which rotates the transporter 28 
around the Z-axIs. For the embodiment illustrated in Fig- 
ure 1, rotation around the Z-axIs allows positioning of 
the transporter 28 for (i) transferring cartridges 26 be- 
tween the cartridge magazine 22 and the transporter 28, 
and (11) transferring cartridges 26 between the transport- 
er 28 and the tape drive 14. 

[0030] Altematively, movement of the transporter 28 
along the Y axis may not be required, as illustrated in 
the embodiment of Figure 2, for example. In this embod- 
iment, the tape drive 14 Is positioned so that the car- 
tridge receiver 58 is substantially aligned with the tape 
receivers 24, thereby eliminating the necessity for 
movement of the transporter 28 In any direction other 
than along the x-axis. In the embodiment Illustrated in 
Figure 2, the transporter mover 30 can rotate the trans- 
porter 180 degrees, or alternatively, movement of the 
transporter 28 about the Z-axIs may not be necessary. 
[0031] As provided above, the transport mover 30 
moves the transporter 28 along the guide 32 between 
the storage rack 12 and the tape drive 14. Further, the 
transport mover 30 can rotate the transporter 28 along 
the Z-axis to align the transporter 28 with one of the tape 
receivers 24 in the storage rack 1 2 and/or with the tape 
drive 1 4. As Illustrated in Figure 4A, the transport mover 
30 can include a transport guide 80 (shown in phantom 
on Figure 3) that guides the movement of the transporter 
28 along the guide 32. The transport guide 80 Illustrated 
in Figure 4A Is generally a right, cylindrical shaped, shaft 
that extends along the guide 32. However, the shape 
and design of the transport guide 80 can be varied ac- 
cording to the requirement of the guide 32 and the stor- 
age system 10. 

[0032] Figure 1 illustrates a storage system 1 0 with 
two storage racks 12 that are positioned at a same rel- 
ative vertical positioning as the tape drive 14. In this ex- 
ample, the positioning of each storage rack 12 Is ap- 



proximately 90 degrees about the Z-axis relative to the 
tape drive 1 4. In this example, the transporter mover 30 
can rotate the transporter 28 approximately 180 de- 
grees around the Z-axis to allow accurate positioning of 

5 the transporter 28 relative to both storage racks 12, as 
well as to the tape drive 14. 
[0033] As previously indicated, one or more guides 32 
guide the movement of the transporter 28, In the em- 
bodiments illustrated herein, the guide 32 defines a 

10 guide slot 83, which guides movement of the transport 
guide 80. The guide 32 generally extends between the 
storage rack 1 2 and the tape drive 1 4. The design of the 
guide 32 can be varied to suit the design requirements 
of the transport assembly 1 8 and the storage system 1 0. 

15 For example, the gu ide 32 can be formed as one o r more 
separate structures that are secured to the system 
housing 16. Alternatively, the guide 32 can be fonned 
as an Integral portion of the housing base 62 of the sys- 
tem housing 16. 

20 [0034] The guide 32 typically includes a first end 84 
and a second end 86. For instance, the first end 84 of 
the guide 32 can be positioned near one or more of the 
tape magazines 22. The guide 32 preferably extends 
along the X-axis from near the storage rack 1 2 to the 

25 second end 86 near the tape drive 14. The guide 32, 
and thus the guide slot 83, can be substantially linear 
as illustrated in Figure 2. Altematively, the guide 32 and/ 
or the guide slot 83 can Include deviations from a linear 
path. As an example, the second end 86 of the guide 32 

30 and the guide slot 83 can turn at an angle along the Y- 
axis to form a "T" shape or an "L" shape (as shown in 
Figure 1 ). With this design, the guide 32 allows the trans- 
port mover 30 to align the first transport receiver 36A or 
the second transport receiver 36B In front of the tape 

35 drive 1 4 for transferring a cartridge 26 between the tape 
drive 14 and the transporter 28. Alternatively, for exam- 
ple, the guide 32 can be configured to allow the trans- 
porter28 to move between the storage rack 1 2 and more 
than one tape drive 14. 

40 [0035] The cartridge mover 34 transfers the cartridg- 
es 26 between the transport receivers 36A, 36B, of the 
transporter 28 and the tape receiver 24. The cartridge 
mover 34 is preferably also used to transfer the cartridg- 
es 26 between the transport receivers 36A, 36B, and 

^5 the tape drive 1 4. The design of the cartridge mover 34 
can vary depending upon the requirements of the trans- 
porter 28, the storage rack 12 and the storage system 
10. 

[0036] Refemng to FIgeres 4A and 4B, the cartridge 
50 mover 34 can include a first gripper assembly 88 that 
grips the first cartridge 26A and a second gripper as- 
sembly 89 that grips the second cartridge 26B. The grip- 
per assemblies 88, 89 allow for the transfer of the car- 
tridges 26A, 26B into and out of the first transport re- 
55 ceiver 36A and the second transport receiver 36B of the 
transporter 28. The gripper assemblies 88, 89 can be 
designed in many ways in order to suit the requirements 
of the storage rack 12, the tape drives 14 and the stor- 
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age system 1 0. Although only the first gripper assembly 
88 is illustrated in Figure 4A for clarity, Figure 48 can 
reresent either the first gripper assembly 88 or the sec- 
ond gripper assembly 89. In the embodiment Illustrated 
in Figure 4A, the first gripper assembly 88 includes a 
first gripper mover 90, a gripper mount 92, a gripper 94 
that is secured to the gripper mount 92, and a mount 
support 95. Thef irst gripper mover 90 moves the gripper 
mount 92 for selectively grasping a cartridge 26. Func- 
tionally, the first gripper mover 90 extends the gripper 
mount 92, and thus the gripper 94, forward to make con- 
tact with the desired cartridge 26 and subsequently re- 
tracts the gripper mount 92 and the gripper 94 to remove 
the cartridge 26 from one of the tape receivers 24 or the 
tape drive 14. The cartridge is then pulled into the first 
transport receiver 36A. 

[0037] The design of the first gripper mover 90 can 
vary. The first gripper mover 90, Illustrated in Figures 4A 
and 4B, includes a lead screw 96, and a gripper motor 
(not shown), The gripper motor can include a gripper 
pulley (not shown), a gripper drive belt (not shown). The 
gripper motor can be mounted to the receiver bottom 
66, the receiver top 68, or at least one of the receiver 
sides 70. The gripper motor turns the gripper pulley, to 
which the gripper drive belt is secured. The gripper drive 
belt, in turn, rotates the lead screw 96. In this embodi- 
ment, the gripper mount 92 Includes an Internally 
threaded aperture (not shown) which engages the lead 
screw 96. With this design, rotation of the lead screw 96 
causes the gripper mount 92 to extend forward toward 
the cartridge 26, or backward away from the cartridge 
26 depending upon the direction of rotation. 
[0038] The gripper mount 92 can be configured In dif- 
ferent ways. As illustrated in Figures 4A and 3B, the grip- 
per mount 92 can be generally "L" shaped, for example, 
and can slide along the mount support 95. The mount 
support 95 inhibits rotation of the gripper mount 92 dur- 
ing rotation of the lead screw 96. The gripper mount 92 
serves at least two functions. First, the gripper mount 
92 supports the gripper 94. Second, the gripper mount 
92 selectively pushes the cartridge 26 from the one of 
the transport receivers 36A, 36B, into the tape drive 14 
or Into one of the tape receivers 24. 
[0039] The gripper 94 engages and pulls one of the 
cartridges 26 from the storage rack 12 or the tape drive 
14 Into the transporter 28. The design of the gripper 94 
can vary depending on the requirement of the cartridges 
26. In the embodiments illustrated in the Figures, the 
gripper 94 is typically "J" or T" shaped and engages the 
cartridge notch 54 for retrieval of the cartridge 26 into 
the transporter 28. 

[0040] The gripper 94 can engage the cartridge notch 
54 in various ways. For example, in the embodiment il- 
lustrated in Figure 5, the first gripper assembly 88 can 
include a second gripper mover 97 for moving the grip- 
per 94 laterally, i.e. along the X-axis, perpendicular to 
the direction of movement of the gripper mount 92. 
Movement along the X-axis can allow the second grip- 



per mover 90 to position the gripper 94 for engagement 
with the cartridge notch 54, regardless of whether the 
cartridge 26 is positioned in the first transport bay 36A 
or the second transport bay 36B. With this design, the 

s gripper 94 can move along both the X-axis and the Y- 
axis to be positioned for gripping one of the cartridges 
26 in either transport bay 36A, 368. The design of the 
second gripper mover 90 can be varied to suitthe design 
requirements of the storage system. 

10 [0041] The second gripper mover 97 includes a lead 
screw 99 and a second gripper motor (not shown). The 
second gripper motor can Include a second gripper pul- 
ley (not shown), a second gripper drive belt (not shown). 
The second gripper motor can be mounted to the receiv- 

15 er bottom 66, the receiver top 68, or at least one of the 
receiver sides 70. The second gripper motor turns the 
second gripper pulley, to which the second gripper drive 
belt Is secured. The second gripper drive belt, in turn, 
rotates the lead screw 99. In this embodiment, the 

20 mount support 95 includes an internally threaded aper- 
ture (not shown) which engages the lead screw 99. Ro- 
tation of the lead screw 99 causes the mount support 
95 to move laterally along the X-axis, i.e. either toward 
the first transport bay 36A or toward the second trans- 

25 port bay 36B, depending upon the direction of rotation. 
[0042] Operationally, the gripper mount 92 moves to- 
ward the cartridge 26 until contact between the cartridge 
26 and the gripper mount 92 Is made. The second grip- 
per mover 97 then moves the gripper 94 toward the car- 

30 tridge 26 until the gripper 94 engages the cartridge notch 
54. The cartridge 26 can then be moved into the trans- 
porter 28 using the first gripper mover 90, as described 
above. Once the cartridge 26 is pulled Into one of the 
transport receivers 36A, 36B, the second gripper mover 

35 97 can move the gripper 94 away from the cartridge 26, 
thereby disengaging the gripper 94 from the cartridge 
notch 54. The cartridge 26 is then moved into the tape 
drive 14 or one of the tape receivers 24, as required, 
with the first gripper mover 90 which moves the gripper 

40 mount 92. In this mariner, the second gripper mover 97 
can extend laterally so that the first gripper assembly 
operates with cartridges 26 relative to the first transport 
receiver 36A and/or the second transport receiver 36B. 
[0043] In another embodiment, the gripper 94 can be 

45 designed to engage the cartridge 26 using a gripper cam 
(not shown), which forces the gripper 94 away from the 
cartridge 26 as the gripper mount 92 moves toward the 
cartridge 26, yet allows the gripper 94 to engage the car- 
tridge notch 54 once the gripper mount 92 has made 

50 contact with the cartridge 26, for example. 

[0044] The second gripper assembly 89 is preferably 
positioned adjacent to the first gripper assembly 88, and 
can include substantially similar components as de- 
scribed above for the first gripper assembly 88. The sec- 

55 ond gripper assembly 69 preferably operates relative to 
the second transport receiver 368. Moreover, additional 
gripper assemblies (not shown) can be Incorporated into 
the present invention, which would operate in embodi- 
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ments having more than two transport receivers 36A, 
36B. 

[0045] Utiitzing the first gripper assembly 88 is one ex- 
ample of a mechanism for transfemng a cartridge 26 be- 
tween the storage rack 12 and the transporter 28, the 
tape drive 1 4 and the transporter 28, or both. Other suit- 
able mechanisms can be used for the transferring of car- 
tridges 26. For instance, as illustrated in Figure 2, a 
pass-through mechanism 98 can be used, which utilizes 
one or more rollers 1 00 (only one roller 1 00 is shown for 
clarity) and a roller motor 102 (shown in phantom) for 
moving the cartridges 26A, 26B into and out of the trans- 
porter2B. The pass-through mechanism 98 then passes 
the cartridges 26A, 26B directly through the transporter 
28 Into the tape drive to or one of the tape receivers 24 
following appropriate positioning of the transporter 28 
by the transport mover 30. 

[0046] The transport assembly 18 can be utilized In 
conjunction with a programmed controller (not shown) 
which receives cartridge selection infomnation from a 
user. An example of a programmed controller is included 
In U.S. Patent No. 5,760,995 issued to l-leiler and as- 
signed to Quantum Corporation, the assignee of the 
present invention, or in U.S. Patent No. 5,925,119 is- 
sued to Maroney and also assigned to Quantum Corpo- 
ration. U.S. Patent Nos. 5,760,995 and 5,925,119 are 
incorporated herein by reference. 
[0047] The unique design of the transport assembly 
18, which includes at least two transport receivers 36A, 
368, results in a decrease in downtime, and an increase 
In throughput of the storage system 10. Importantly, the 
transport assembly 18 can perform various functions 
while the first cartridge 26A is in use by the tape drive 
14. Forexample,thetransponer28can retrieve the sec- 
ond cartridge 268 from the storage racic 12 while the 
first cartridge 26A is being used by the tape drive 14. 
The second cartridge 268 can be ready for Insertion into 
the tape drive 1 4 immediately upon rewinding of the first 
cartridge 26A. As a consequence, the present invention 
avoids unnecessary waiting time following rewinding of 
the first cartridge 26A, i.e. a cycle consisting of (i) re- 
turning the first cartridge 26A to the appropriate tape re- 
ceiver 24, (ii) seeking and retrieving a second cartridge 
268 into the transporter 28, and (iii) transporting the sec- 
ond cartridge 268 to the tape drive 14 for usage, which 
can amount to ten seconds or more per cycle. With the 
present Invention, the unnecessary cycle is circumvent- 
ed, resulting in waiting time of approximately one sec- 
ond or less. 

[0048] While the particular transport assembly 18 and 
storage system 10 as herein shown and disclosed in de- 
tail is fully capable of obtaining the objects and providi ng 
the advantages herein before stated, It is to be under- 
stood that it is merely illustrative of the presently pre- 
ferred embodiments of the Invention and that no imita- 
tions are Intended to the details of construction or design 
herein shown other than as described In the appended 
claims. 



Claims 

1. A transport assembly for moving a first cartridge 
and a second cartridge between a storage rack and 
5 a tape drive, the tape drive including a cartridge re- 
ceiver, the transport assembly comprising: 

a transporter including a first transport receiver 
adapted to receive the first cartridge and a sec- 
10 ond transport receiver adapted to receive the 

second cartridge; and 

a transport mover for moving the transporter 
relative to the storage rack and the tape drive. 

IS 2. The transport assembly of claim 1 further including 
a cartridge mover that moves the first cartridge be- 
tween the storage rack and the first transport receiv- 
er. 

20 3. The transport assembly of claim 2 wherein the car- 
tridge mover includes a first gripper assembly. 

4. The transport assembly of claim 3 wherein the car- 
tridge mover Includes a first gripper mover for mov- 

25 ing the first gripper assembly in a first direction rel- 
ative to one of the cartridges. 

5. The transport assembly of claim 4 wherein the car- 
tridge mover Includes a second gripper mover for 

30 moving the gripper assembly in second direction 
relative to one of the cartridges that is substantially 
perpendicular to the first direction. 

6. The transport assembly of claim 5 wherein the car- 
35 tridge mover Includes a second gripper assembly. 

7. The transport assembly of claim 2 wherein the car- 
tridge mover Includes a pass-through assembly. 

40 8. The transport assembly of claim 1 further including 
a guide that extends substantially between the stor- 
age rack and the tape drive; wherein the transport 
mover moves the transporter between the storage 
rack and the tape drive along the guide. 

45 

9. The transport assembly of claim 1 wherein the 
transport mover moves the transporter between the 
storage rack and the tape drive. 

50 10. The transport assembly of claim 1 wherein the 
transport mover moves the transporter side-to-slde 
to alternately position each of the transport receiv- 
ers near the cartridge receiver of the tape drive. 

55 11. The transport assembly of claim 1 wherein the 
transporter has an axis of rotation, and wherein the 
transport mover rotates the transporter around the 
axis of notation. 
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12. A storage system Including a storage rack, a tape 
drive and the transport assembly of claim 1 that Is 
positioned near the storage rack and the tape drive. 

1 3. The storage system of claim 1 2 wherein the storage 
rack includes a plurality of tape receivers and a 
transporter sensor, the transporter sensor sensing 
when the transporter Is positioned near the desired 
tape receiver. 

14. A storage system for use with a first cartridge and 
a second cartridge, the storage system comprising: 

a system housing; 

a storage rack secured to the system housing; 
atape drive secured to the system housing; and 
a transport assembly coupled to the system 
housing, the transport assembly including (1) a 
guide which extends substantially between the 
storage rack and the tape drive, (it) a transport- 
er including a first transport receiver that re^ 
ceives the first cartridge and a second transport 
receiver that receives the second cartridge, (iil) 
a transport mover that moves the transporter 
along the guide, the transport mover, and (iv) a 
cartridge mover for moving cartridges between 
the storage rack, the transport receivers and 
the tape drive. 

15. The storage system of daim 14 wherein the trans- 
port mover moves the transporter long an X axis 
and along a Y axis. 

16. The storage system of claim 15 wherein the trans- 
port mover rotates the transporter about a Z axis. 

1 7. A method for transporting a first cartridge and a sec- 
ond cartridge between a storage rack and a tape 
drive, the method comprising the steps of: 

providing a transporter including a first trans- 
port receiver and a second transport receiver, 
each transport receiver being adapted to re- 
ceive one of the cartridges; 
transferring the first cartridge into the first trans- 
port receiver, 

positioning the second transport receiver near 
the tape drive; 

transferring the second cartridge from the tape 
drive to the second transport receiver; 
positioning the first transport receiver near the 

tape drive; and 

transferring the first cartridge from the first 
transport receiver into the tape drive. 

18. Themethod of claim 17 further comprising the steps 
of (i) positioning the transporter near the storage 
rack, and (ii) transfening the second cartridge from 



the second transport recerver into the storage rack 

19. Themethodofclaim IBfurthercomprisingthesteps 
of (i) transferring a third cartridge into the second 
5 transport receiver, and (ii) positioning the transport- 
er near the tape drive in preparation for transferring 
the first cartridge from the tape drive to the first 
transport receiver. 

10 20. A method for moving a first cartridge from a tape 
drive to a storage rack and for moving a second car- 
tridge from the storage rack to the tape drive, com- 
prising the steps of: 

15 providing a transporter having a first transport 

receiver and a second transport receiver, each 
transport receiver being adapted to separately 
receive one of the cartridges; 
translating and positioning the transporter ad- 
20 jacent a tape receiver of the storage rack so 

that the second transport receiver is aligned to 
receive the second cartridge; 
transfen'Ing the second cartridge from the stor- 
age rack to the second transport receiver; 
2S translating and positioning the transporter ad- 

jacent to a cartridge receiver of the tape drive 
to receive the first cartridge; 
transfen'ing the first cartridge from the cartridge 
receiver to the first transport receiver; 
30 laterally shifting the position of the transporter 

so that the second transport receiver becomes 
aligned with the cartridge receiver of the tape 
drive; and 

transfemng the second cartridge from the sec- 
35 ond transport receiver to the cartridge receiver 

of the tape drive. 

21 . The method of claim 20 further comprising the step 
of providing the first cartridge and the second car- 
40 tridge, each of which are single-reel magnetic tape 
cartridges. 
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